a 6-Chloropurine and 2,6-dichloropurine were reacted with N1-substituted imidazoles to give purin-6-yl substituted imidazolium salts, respectively. Deprotonation of the 1-methylimidazolium derivative resulted in the formation of the corresponding stable conjugated mesomeric betaine, whereas the 1-phenyl,-1-vinyl-and 1-(2-hydroxyethyl) derivatives proved to be unstable. In situ generation of the mesomeric betaines by caesium carbonate in the presence of sulfur and selenium, however, gave the thiones and the selenones of the tautomeric purine-substituted imidazol-2-ylidene, respectively. Its anionic N-heterocyclic carbene was formally trapped by reaction with triethylborane at high temperatures as a cyclic boron adduct which is the first representative of a new heterocyclic ring system. DFT calculations gained insight into the electronic properties of the N-heterocyclic carbenes substituted by π-electron donators. Results of a single crystal X-ray analysis of the boron adduct are presented.
Introduction
Anionic N-heterocyclic carbenes are interesting target molecules, because their σ-donicities as well as their π-electron characteristics can be adjusted by their molecular architecture in combination with their type of conjugation. Structures, syntheses and applications of first anionic N-heterocyclic carbenes have been summarized in a review article 1 and some publications appeared since then. 2 A closer look at the hitherto described examples reveals that the term "anionic N-heterocyclic carbene" encompasses fundamentally different types of structures. Thus, the first anionic N-heterocyclic dicarbene 1 (Scheme 1), containing both normal (C2) and abnormal carbene (C4) partial structures, was prepared by lithiation of the corresponding imidazole-2-ylidene and was obtained as the polymer [:C{[N(2,6-iPr 2 C 6 H 3 )] 2 CHCLi(THF)}] n . 3 Reviews summarizing the chemical properties of carbenes of this type 4 and results of studies on coordination of metals in general 5 as well as main group elements have been published. 6 Neither the negative charge of the anionic N-heterocyclic carbene 1 nor that of anion 2 7 are delocalized in terms of resonance. In conjugated mesomeric betaines (CMB), i.e. imidazolium-olates and sydnones, respectively. As a consequence of their origin, the negative charge is delocalized within the π-conjugated system which sets them apart from the anionic N-heterocyclic carbenes 1, 2, and 3. The canonical formulae of 4 and 5 identify the carbene carbon atoms as sites of the negative charges. Consequently the carbene carbon atoms display considerable atomic orbital coefficients of the calculated highest occupied molecular orbitals (HOMO or HOMO−1) which are π-orbitals, respectively. Thus, the π-electron donor/acceptor properties of the NHCs can be influenced by the architecture of the molecules. With respect to this, the pyrimidine derivative 6 clearly belongs to another type of anionic N-heterocyclic carbene, because it was generated from a cross-conjugated mesomeric betaine (CCMB). Consequently the negative charge is exclusively delocalized in the 3-oxobut-1-en-1-olate partial structure according to the resonance forms without mesomeric charge distribution into the diaminocarbene moiety. 12 No conjugation at all between the anionic substituent and the N-heterocyclic carbene moiety of 7 exists, as this anionic N-heterocyclic carbene was prepared by deprotonation of a zwitterionic starting material with isolated anionic and positive charges. 13 Thus, carbene 7 is an example of a type of anionic N-heterocyclic carbene which differs from all aforementioned molecules. The chemistry of N-heterocyclic carbenes in the light of history 14 as well as the intersection between the substance classes of mesomeric betaines and N-heterocyclic carbenes have been reviewed. 15 In continuation of our interest in mesomeric betaines 16 and their conversion into N-heterocyclic carbenes, 14, 15 and as part of our studies directed toward the chemical and physical consequences of different types of conjugation, we describe here imidazol-2-ylidenes which are in π-conjugation with an anionic purinate which serves as π-electron donator via N1 of the imidazole.
Results and discussion
A series of purin-6-yl-imidazolium chlorides was prepared starting from substituted imidazoles, 6-chloropurine 8a and 2,6-dichloropurine 8b, respectively (Scheme 2). The reaction of 8a required chlorobenzene as solvent, whereas reactions of 8b proceeded best in ethyl acetate. The salts 10a-h, except for 10d, were obtained in medium to excellent yields as colourless solids under these conditions, respectively. The 1 H NMR signals of the H/D exchangeable 2-H imidazolium appear between 10.39 ppm and 10.99 ppm. We tried a series of bases to deprotonate the salts 10. The anion exchange resins Amberlite IRA-400 and IRA-96 in their hydroxide forms, respectively, proved to be unsuited reagents to deprotonate the salts, because the resulting mesomeric betaines or their tautomeric N-heterocyclic carbenes were bound on the resins and could not be eluted. The system consisting of silica gel, ethyl acetate, and petroleum ether with small amounts of triethylamine proved to be a suited medium to deprotonate the salts to the corresponding mesomeric betaines under mild conditions. However, the mesomeric betaines proved to be unstable on trying to remove the solvents or on storage in solution. An exception is the mesomeric betaine 11a which is remarkably stable. It was best obtained in 95% yield on deprotonation with potassium hydroxide in methanol under cooling with ice (Scheme 3). On betaine formation, considerable chemical shift changes of the purinyl substituent can be observed. Thus, Δδ 2-H and Δδ 8-H of the purine moiety are shifted by 0.44 ppm and 0.69 ppm to higher field, respectively. The signal of 2-H of the imidazolium ring appears at δ = 10.37 ppm in DMSO-d 6 so that exclusively tautomer 11aA seems to be present under these conditions. No traces of the N-heterocyclic carbene tautomer 11aB was detected and this observation is in analogy to imidazolium-phenolates, 17 imidazolium-isocytosinates, 18 imidazolium-indolates, 19 imidazolium-azaindolates, 19 triazoliumindolates, 19 and nitrone. 20 Deprotonation of the mesomeric betaine 11a resulted in the formation of an anionic N-heterocyclic carbene 12 which was clearly detected as the base peak at m/z = 201.0885 (calcd 201.0883) in high resolution electrospray ionization mass spectrometry. In accordance with the rules of resonance two negative charges can be formulated at C2 of the imidazole moiety, one of which is caused by the pair of electrons in the sp 2 hybrid orbital in the plane of the heteroaromatic ring and the other one is due to the delocalization within the common π-electron system. The sites of negative charges and positive charges in the canonical formulae of the mesomeric betaine 11a are shown in Fig. 1 . As C2 of the imidazolium ring is a site of either charge, this mesomeric betaine can unambiguously be classified as a conjugated system (CMB). 21 The carbene carbon atom C2 of the anionic N-heterocyclic carbene 12 remains a site of negative charge in the resonance forms. According to DFT calculations the highest occupied molecular orbital (HOMO) of the mesomeric betaine tautomer 11aA is essentially located in the purine ring, and the same is true for the HOMO−1 (Fig. 2) . By contrast, the LUMO is distributed over the entire π-electron system. A large coefficient of the LUMO is located on the bond which connects the purine ring with the imidazole ring which has a calculated bond length of 1.43 Å. The betaine was calculated to be almost perfectly planar (τ = 0.031°). The HOMO of the corresponding N-heterocyclic carbene tautomer 11aB is a σ lone pair located at the carbene carbon atom, whereas the HOMO−1's atomic orbital coefficients are essentially located in the π-electronic system of the imidazole ring with smaller contributions in the purine's π-electron system. The LUMO, by contrast, possesses its major coefficients in the purine ring and on C2 of the imidazole ring. The bond length between the two ring systems was calculated to be slightly shortened (1.39 Å) in comparison to the mesomeric betaine tautomer, but the molecule remains planar on tautomerisation (τ = 0.59°). According to the calculation, the mesomeric betaine tautomer 11aA is by approximately dE = 53 kJ mol −1 (electronic energy) more stable in vacuo than the N-heterocyclic carbene tautomer 11aB. As DMSO stabilizes more dipolar structures, the mesomeric betaine tautomer is even more stable in DMSO solution than in the vacuum (approximately dE = 91 kJ mol −1 ). The anionic N-heterocyclic carbene 12 is not planar in vacuo according to the calculation. In contrast to the N-heterocyclic carbene tautomer 11aB mentioned above, its HOMO is a π orbital which is located in the purine and the imidazole ring including contributions at C2 imidazol-2-ylidene . By contrast, the HOMO−1 is a σ lone pair at the carbene carbon atom plus considerable atomic orbital coefficients especially in the five-membered fragment of the purine ring. The coefficient at N7 purine obviously causes the dihedral angle (19,9°) between the two ring systems by electronic repulsion to the σ lone pair at C2 imidazole . The torsion, however, is small enough to allow conjugation between the two rings. The LUMO of the N-heterocyclic carbene is distributed all over the π-electron system. The bond length between the two ring systems was calculated to be 1.42 Å. When the purine salts are treated with elemental sulphur and selenium in the presence of bases, respectively, they behave as N-heterocyclic carbenes and yield imidazolethiones and imidazole-selenones in acceptable yields (Scheme 4). To exclude the formation of its regioisomer 15, a combination of H,H-COSY-, H,C-HSQC-, H,C-HMBC-, and NOESYexperiments was carried out. NOESY correlations between C8 purine and the ethyl groups attached to the boron atom proved the formation of the regioisomer 14 possessing the sixmembered ring with a bond between N7 purine and the boron atom (Fig. 3) .
Single crystals of the boron adduct 14 were obtained by slow evaporation of a concentrated solution in ethyl acetate. The boron adduct crystallized triclinic (Fig. 4) . The torsion angle between imidazole and the purine ring [C7A-C7-N8-C12, crystallographic numbering] was determined to be −1.76(15)°. The dihedral angles C12-B1-N1-C7A and N1-B1-C12-N8 were found to be −17.39(12)°and 19.10(14)°, respectively. The bond length between the boron atom and the former carbene carbon atom is 1.6643(16) Å, whereas the bond between the boron atom and the methylene carbon atoms of the ethyl groups was found to have a bond length of 1.6226(16) Å and 1.6315(17) Å. The bond distance between the boron atom and the nitrogen atom is 1.6003(14) Å.
According to a DFT calculation, the HOMO of the boron adduct consists of π orbital contributions of the purine ring plus the B-C σ bonds between the boron atom and the methylene moiety of the ethyl groups (Fig. 5) . The LUMO is distributed all over the π electron system. The angles C7-N8-C12-B1 and B1-N1-C7A-C7 were determined to be −10.66(16) and 9.97(18), respectively.
Experimental
The reactions were carried out under an atmosphere of nitrogen in oven-dried glassware. Nuclear magnetic resonance (NMR) spectra were obtained with a Bruker Avance 400 and Bruker Avance III 600 MHz.
1 H NMR spectra were measured at 400 MHz or 600 MHz and 13 C NMR spectra were measured at 100 MHz or 150 MHz, with the solvent peak or tetramethylsilane used as the internal reference. Multiplicities are described by using the following abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, and m = multiplet, and the signal orientations in DEPT experiments were described as follows: o = no signal; + = up (CH, CH 3 ); − = down (CH 2 ). ATR-IR spectra were obtained on a Bruker Alpha in the range of 400 to 4000 cm Impact 
Crystal structure determination of 14
The single-crystal X-ray diffraction study was carried out on a Bruker D8 Venture diffractometer with Photon100 detector at 123(2) K using Cu-Kα radiation (l = 1.54178 Å). Direct Methods (SHELXS-97) 25 were used for structure solution and refinement was carried out using SHELXL-2014 (full-matrix least-squares on F 2 ). 26 Hydrogen atoms were localized by difference electron density determination and refined using a riding model. A semi-empirical absorption correction and an extinction correction were applied. 14: colourless crystals, C 13 CCDC 1845098 (14) † contains the supplementary crystallographic data for this paper.
1-Methyl-3-(9H-purin-6-yl)-1H-imidazolium chloride 10a
Samples of 618 mg (4.0 mmol) of 6-chloropurine and 984 mg (12.0 mmol) of 1-methylimidazole were dissolved in 20 mL of chlorobenzene. Then, the solution was heated under reflux over a period of 7 h. After cooling to rt, the resulting precipitate was filtered off, washed with diethylether and recrystallized from ethyl acetate. 
1-Phenyl-3-(2-chloro-9H-purin-6-yl)-1H-imidazolium chloride 10f
Synthesis in analogy to 10e. 288 mg (2.0 mmol) of 1-phenyl-1H-imidazole were used. Yield: 33 mg (10%) of a colourless oil. 
dec. 282°C (from EtOAc
Synthesis in analogy to 13a. 149 mg (0.5 mmol) of salt 10b and 32 mg (1.0 mmol) of S 8 1-(2-Chloro-9H-purin-6-yl)-3-methyl-1,3-dihydro-2H-imidazole-2-selenone 13g
Synthesis in analogy to 13a. 135 mg (0.5 mmol) of salt 10e and 79 mg (1.0 mmol) of selenium were used. Yield: 96 mg (61%) of yellow solid, dec. 249°C (from EtOAc). ν max /cm 3175, 3097, 1695, 1627, 1544, 1411, 1382, 1330, 1222, 1198 
Conclusions
(Purin-6-yl)-1-methyl-imidazolium salts can be deprotonated to give a stable mesomeric betaine, the N-heterocyclic tautomer of which can be trapped by sulphur and selenium. The corresponding anionic N-heterocyclic carbene formally gave a cyclic borane adduct which is the first representative of a new heterocyclic ring system, imidazo[2′,1′:3,4] [1,4,2]diazaborinino[1,6,5-gh]purine.
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